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Title: Fire-resistant foam, construction elements therefrom, system for 

fire-tight sealing of an opening, and method for sealing an opening 
in a wall 



The invention relates to a fire-resistant foam. The invention further 
relates to construction elements from such a foam. Such a foam and the 
elements manufactured from such foam are particularly suitable for feeding 
one or more cables, pipes, duct and the like in a sealing manner through an 
5 opening in a wall. It is noted that in this context, the term "wall" is understood 
to mean any separation between two spaces; the term comprises at least a 
wall, a ships' deck, a partition and the like. 

Further, the invention relates to a system for sealing off, at least 
during a fire taking place adjacent a wall, in a virtually completely fire-tight, 

10 and preferably also smoke-tight and more preferably even completely medium- 
tight manner, an opening extending through this wall through which a 
transporting device comprising, for instance, a cable, pipe or duct has been fed, 
the system comprising elements which can be placed in the opening and which 
are manufactured from an elastic, fire-resistant material based on the foam 

15 Recording to the invention, which expands under the influence of temperature 
. increase. The invention also relates to a method for sealing an opening 
extending through a wall through which, optionally, at least one transporting 
device such as a cable, pipe or duct has been fed, in which said foam or, rather, 
the construction elements manufactured therefrom are used. The invention 

20 also includes a wall with an opening extending through this wall through 

which, optionally, at least one transporting device such as a cable, pipe or duct 
has been fed and wherein the foam ensures the sealing. 

Finally, the invention relates to a system which can serve as an at 
least temporary sealing of a feed-through in a wall, such that after the 

25 temporary sealing, in a simple manner, at least parts of the system can be 
removed for the purpose of feeding a transporting device comprising, for 
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instance, a cable, pipe or duct, through the feed-through and such that during 
a fire taking place adjacent the wall during the temporary sealing, the feed- 
through is sealed off at least virtually entirely fire-tightly and preferably also 
smoke-tightly, the system being provided with elements which are 
5 manufactured from a fire-resistant material which expands under the 

influence of temperature increase, while the elements are manufactured from 
the foam according to the invention. 

In international patent application WO-A-03/013658, a fire-resistant 
system and a method for feeding at least one cable, pipe or the like through an 
10 opening in a wall are described. This system consists of a casing provided in 
the wall. In the casing, first, rubber protective parts are placed which 
protective parts consist of rubber plates with air inclusion. These protective 
parts serve for heat-insulation. In the casing with the protective parts therein, 
cables, pipes or other ducts are encapsulated by a fire-resistant material. 
15 The fire-resistant material mainly used in practice is based on 

' polyurethane foam in which flame retardants or flame-resistant materials 
have been incorporated. When exposed to fire, the polyurethane foam reacts 
violently such that the heat insulating action of the foam has to be taken over 
■ rapidly by the protective rubber parts. 
20 j\ Polyurethane foam has a so-called intumescent or foaming action. 

* This means that when heated, the liquefying polyurethane surface structure is 

blown up by pyrolytic (smoke) gases of the product. Much smoke is then 
f formed and a thermally insulating layer from layered carbon material is 
i formed, which layer has only a very small mechanical strength. The 
25 mechanical strength of the layered carbon structure is so limited that it is 

reason as well, it is required that 
foam products having an intumescent action are completely encapsulated. 

These processes, for that matter, also occur when other plastics with 
an open pore structure are foamed. In general, nowadays, there is a discussion 
30 about so-called intumescent materials C'Dammstoffbilder"), which form a 
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layered carbon structure with the purpose of thermally protecting the material 
lying therebehind. This process is achieved by liquefying the surface of the 
material during heating. This liquid, viscous layer is then blown up by 
degassing the material. Much smoke is then released. More in detail, such 
5 intumescent materials have a high flue gas index. 

The known foam materials have an open cell structure and are often 
hygroscopic, at least water absorbing or otherwise water uptaking. This can 
lead to, for instance, fungus formation in the foam and can give rise to 
corrosion of the material encapsulated by or in contact with the fire-resistant 

10 foam. Often, in a moist surrounding, this sealing, which contains foam 
materials, needs therefore to be puttied or to be sealed off from the moist 
surrounding in a different manner. j 

As stated, many if not all intumescent foams are sensitive to 
moisture uptake, causing degradation of the material. Recently, tUe long term 

15 behaviour of intumescent foams has been brought into disrepute, inter alia 

• i 

through this type of degradation, and it has even been proposed to -subject this 
type of material to a yearly examination to* verify whether the foam behaviour 
is still sufficient. 

■ 

Depending on the type of foam, further, toxic agents can be formed 
when the foam is to carry out its fire-resistant action. Polyurethane for 
instance yields many, to a higher or lower degree, toxic nitrogen compounds 
while, optionally, even hydrocyanic acid can be formed. 

In WO-A-03/013658 for that matter, as flame-resistant rubber, an 
elastomer or plastomer and substantially an ethylene vinyl acetate polymer is 
25 used, in which fire-resistant components have been incorporated. 

In an improvement of the system described in WO-A-03/013658, the 
present inventor has researched flame-retardant polymeric materials in which 
cross-linkable polymers are used. When the polymers contain unsaturated 
bonds, such as polymers based on monomers with at least two double bonds, 
such as conjugated monomers and, for instance, 1.4-hexadiene, di- 
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cyclopentadiene, and ethylidene norbornane, they can be mutually cross-linked 
by carrying out, for instance, a vulcanisation with sulphur. As is known, 
saturated polymers can be cross-linked with peroxides. 

In these polymeric materials, fire-resistant and flame -retardant 
5 agents are incorporated and, in particular, aluminum hydroxide, flame- 

retardant plasticizers of the phosphate type. During processing, the material is 
subjected to the cross-linking reaction, thereby forming a porous structure. 
This material too, for that matter, has an intumescent nature. 

According to the invention, a foam material has now been found 
10 which insulates so well that when exposed to fire, the foam structure remains 
intact for a long period of time. This insulating action is so good that the 
above-mentioned rubber protective parts are no longer required. As the rubber 
protective parts are heavy, by omitting these parts, a considerably fighter 
structure of the casing can suffice; what is more, a sealing is formed which is 
15 so good that, optionally, even the entire casing ean be omitted. However, when 
the casing is omitted, naturally, the foam needs to remain partly enclosed to 
some extent, for instance by the wall material itself. The fact is that the 
expansion required for the action does need to be "controlled" to some extent. 

More in particular, the invention relates to a fire-resistant material 
20 based on an elastomeric foam with a substantially closed cell structure, in 
which foam at least a crust forming, fire-retardant material and a pH 
neutralized graphite material have been incorporated. 

Relative to the known fire resistant foams, the expansion of the foam 
takes pl{ice not so much towards the side at which the fire is present, but 
25 rather away from the fire. As a result, the material according to the invention 
remains available longer for the required action. This effect will be explained 
further. 

In fact, the foam can be manufactured from any polymeric material 
appropriate for the formation of closed cells. Preferably, it is halogen-free and 
30 fire-retardant. More in detail, it can be manufactured from unsaturated 
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polymers such as natural rubber, styrenebutadiene rubber and nitril 
butadiene rubber; but also from saturated polymers such as EPDM-rubber and 
preferably, from ethylene vinyl acetate (EVA). In order to form a foam from 
these polymers, the polymers are to be cross-linked, whereby the unsaturated 
5 polymers can be well cross-linked with, for instance, sulphur and sulphur 
donors, while the saturated polymers can be well cross-linked with, for 
instance, peroxides. 

By adding and having chemical blowing agents, in particular 
blowing agents of the nitrogen type such as azodicarbon and hydrazine, 

10 expand these polymers, from these polymeric materials, a foam structure is 
obtained with a substantially closed cell structure. In this description and the 
following claims, "a substantially closed cell structure" is understood to mean a 
cell structure in which at least 60%, but more preferably at least 75% of the 
cells is closed. Based on EVA, a material can be obtained comprising closed 

15 cells for more than 80%. 

In the foam, at least one crust-forming fire-retardant material is to 
be incorporated. To this end, highly suitably, borates conventionally used as 
fire retardants; plastjcizers of the organic phosphate type such as trialkyl 
phosphates and triaryl phosphates, and in particular trioctylphosphate, 

20 triphenylphosphate and diphenyl cresyl phosphate; solid fire retardants such 
as ammonium polyphosphate, for instance Antiblaze MC®; and melamine 
polyphosphate (melapur 200) can be used. In a preferred embodiment, the 
crust forming fire retardant agent is ammonium polyphosphate or melamine 
phosphate. Most preferred is the use of melamine phosphate. These crust- 

25 formers are to be present in an amount high such that they form a fire- 
retardant crust. Although the skilled person knows these amounts and is 
certainly capable of determining these amounts, as a guideline, an amount of 
this agent is advised in the range of 2 - 20% by weight calculated on the weight 
of the foam. Preferably, 3 - 10% by weight of crust former is used, most 

30 preferably 4 - 8% by weight. 
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The second essential component in the foam according to the 
invention is pH neutralised graphite. This material expands when it is heated 
above approximately 200°C. As a rule, expanding graphite is obtained by 
intercalating graphite, wherein (most often) nitrogen or sulphur compounds 
5 slide between the graphite lattices; it is commercially available as, for 
instance, "Blahgraphit" of GK Kropfmuhl, Hauzenberg, Germany. This 
material is prepared by treating graphite with, for instance, sulphuric acid or 
nitric acid. According to be invention, it has now been found that a pH 
neutralization of intercalated graphite ensures that the foam formation, and 

10 perhaps even the foam material itself is not adversely affected by possible acid 
residues, while furthermore no corrosion problems occur in material optionally 
sensitive to corrosion, contacting the foam. The pH neutralisation can be 
carried out, for instance, by washing thorough or by adding a sufficient 
amount of base material. Such a graphite is available under the name carbofoil 

15 of Cleanline products. 

The graphite material preferably expands at a temperature above 
200°C. As a rule, it is used in an amount of between 5 and 20% by weight 
calculated on the weight of the foam, more preferably in an amount of between 
8 and 50% by weight and most preferably between 10 and 12% by weight. 

■ " * 

20 In addition to the essential flame-retardant or fire-resistant 

components, also other fire retardants can be present. These too are highly 
preferably halogen-free. For instance, aluminium trihydrate, for instance 
Apyral 2E® or HN 336 of Huber can be present in large amounts, to 60% by 
weight, although preferably in an amount of between 25 to 50% by weight, as 

25 long as the ratio polymeric material to these other fire retardants does not 
exceed 1:2. 

In a preferred composition, the foam consists of cross-linked EVA 
polymer, 20-40 % by weight aluminium hydroxide, 5 -20 % by weight of pH 
neutralized graphite, 2 - 20% by weight of ammonium polyphosphate or 
30 melamine polyphosphate and to 10% by weight of plasticizer, dispersant, 
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lubricant, colorant, anti-oxidizers, cross-linkers and other conventional 
auxiliary substances. 

All admixtures in the foam, for that matter, should be initially 
present and be of a nature such that they are compatible with the closed cell 
5 structure of the. foam. In other words: the admixtures should not act 

aggressively on the polymer matrix nor should they be initially present in a 
form which disturbs the structure of the foam, for instance in the form of too 
large particles. 

Without wishing to be bound to any theory, it is assumed that the 
10 foam according to the invention derives its action from, on the one side, a 
chemical reaction leading to the formation of a crust on the side the fire is 
present, and, on the other side, from an expansion of both the gas captured in 
the closed cell structure under the influence of heat development associated 
with the fire and, optionally, expansion of the graphite. The expansion ensures 
15 a heat insulation behind the crust formation. The foam material according to 
the invention yields a material which, over time, moves away from the side the 
fire is present and also functioning as heat insulating layer. Due to the 
expansion occurring substantially away from the side the fire is present, the 
fire resistant foam according to the invention remains intact, and hence 

20 • effective, longer, 
i. 

In the foam according to the invention, the expansion is not or 
hardly accompanied by the formation of a large amount of flue gases. The 
action of the foam, accordingly, is not based on smoke development. The smoke 
index of the foam according to the invention is low while, as a rule, gases 
25 possibly formed are considerably less toxic than, for instance, the gases which 
are released with foams with an intumescent action, such as foam based on 
polyurethane. 

Due to the substantially closed cell structure, the foam according to 
the invention substantially absorbs no water. Therefore, it is no longer 
30 necessary to apply a layer to the foam which seals off from the environment. 
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The foam according to the invention can be manufactured from 
polymeric material having a much higher self combustion than the sponge-like 
polyurethane materials which are conventionally used. Further, the foam 
according to the invention has a much greater mechanical strength so that it 
5 can well be made into construction elements. For instance, the material can be 
designed well in the shape of plates with grooves, which grooves allow 
breaking off or tearing off of strips. The latter is beneficial to the filling U p of 
the feed-throughs in a wall, at least simplifies this process. 

In addition, the closed cell structure effects a better mechanical 
10 memory action, so that pressure, built up within the feed-through, through 
compression of the foam parts, remains intact much longer than when a foam 
with an open pore structure is used. / 

Although not essential, after having been placed in the feed-through, 
the foam can be finished with a layer of, optionally, fire-resistant putty, in 
15 order to obtain a completely gas-tight and watertight fire-resistant feed- 
through. . ' } 

■ 

As further elaborated hereinbelow in the description of the Figures, 
the foam is made to form a construction element, for instance in the form of 
sheets, plates, tiles, mats, profiles or strips. The designing phase can comprise, 
20 for instance, a heat-pressing or injection moulding step. 

The following description of the Figures is particularly directed to a 
system for sealing off, at least during a fire taking place adjacent a wall, in a 
virtually completely fire-tight and preferably also smoke-tight, and more 
preferably even medium-tight manner, an opening extending through the wall 
through which opening, optionally, a transporting device comprising a cable, 
pipe or duct has been fed, the system being provided with elements 
manufactured from a fire-resistant material which expands under the 
influence of temperature increase. However, this does not mean that the 
invention is limited thereto. On the contrary, the invention also includes the 
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use of the material according to the invention in floors, wall coverings, door 
strips and the like. 

Preferably, the system is further designed such that after the system 
has been fixed in the opening, parts of the opening which are free from the 
5 transporting device are sealed off by the system. 

The invention is presently elucidated with reference to a drawing. In 
the drawing: 

Fig. 1 shows a first phase of the first use of a system according to the 

invention; 

10 Figure 2 shows a second phase of the first use of a system according 

to the invention; 

Figure 3 shows a third phase of the first use of a system according to 
the invention; 

Figure 4 shows a fourth phase of the first use of a system according 

i 

15 to the : invention; 

Figure 5 shows a fifth phase of the first use of a system according to 
the invention; 

Figure 6 shows a detailed representation of the first use of a system 
according to the invention after exposure to a high temperatures; 

Figure 7 shows a first phase of an alternative to the first use of the 
system according to be invention; 

Figure 8 shows a second phase of the alternative to the first use of 
the system according to the invention; 

* 

j Figure 9 shows a cross-section of a wall with an opening in which a 
25 material according to the invention has been provided; 

Figure 10 shows a cross-section of a wall with an opening against 
which a casing with a material according to the invention is provided; 

Figure 11 shows a first phase of a second use of a system according 
to the invention; 
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Figure 12 shows a second phase of the second use of a system 
according to the invention; 

Figure 13 shows a third phase of the second use of a system 
according to the invention; 

5 Figure 14 shows a fourth phase of the second use of the system 

according to the invention; and 

Figure 15 shows a fifth phase of the second use of a system 
according to be invention. 

In this description identical or corresponding parts have identical or 
10 corresponding reference numerals. 

Figure 1 shows a part of a wall 1 with an opening 2 extending 
through this wall 1 through which opening at least one transporting device 3 
has been fed. The transporting device can comprise, for instance, a cable, a 
duct or a duct. However, it is also possible that the transporting device 
comprises a plurality of cables, pipes or ducts. Such a transporting device can 
be used for transporting through the wall 1, for instance, a liquid or a gas 
when using a pipe, or, for instance electricity or light when using a cable or a 
duct. The system is provided with elements 4 placable in the opening 2 which 
are manufactured from afire-resistant material, the foam according to the 
invention, which expands under the influence of a temperature increase. The 
system is designed such that, at least through mutual contact, contact with 
inner wall 5 of the opening 2, or contact with the transporting device 3, the 
elements 4 can be fixed in the opening 2 in a self clamping manner. In a first 
phase of a use of the system, preferably, against each upstanding inner wall 5 
25 of the opening 2, substantially vertically directed plate-shaped elements 4a, 4b 
are provided. This can take place, for instance, by sliding the element 4a into 
the opening 2, as is represented with the aid the arrows indicated in the 
drawing. The wall can be manufactured, for instance, from concrete and the 
opening can be, for instance, a prefabricated opening or an opening provided ha 
30 the concrete wall later. The wall can also be manufactured from other 
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materials. Optionally, in the recess in the wall, a special casing can be 
provided. 

In Figure 2, a second phase of a use of the system according to the 
invention is represented. In this phase, the transporting device is hoisted 
5 upwards by, for instance, a hoisting band 6 from rope or rubber so that the 
transporting device comes free from the bottom wall 7 of the opening 2. In this 
situation, it is possible to place a plate-shaped element 4c horizontally on the 
bottom 7 of the opening 2. The element 4c can be designed such that the 
element is, in fact, slightly too large to fit flatly between the vertically directed 

10 elements 4a and 4b. This is no objection because, when the hoisting band 6 is 
removed, the transporting device 3 will rest on the element 4c and will 
compress the element 4c between the vertically directed elements 4a and 4b. 

In a third phase of the use of the system according to the invention 
shown in Figure 3, each tube, cable or duct of the transporting device is 

15 separately embedded between elements of the system. The system can be 

designed such, ap least for a part, that at least one of the elements 4d is a part 
of a plate-shaped material 4e. The at least one strip-shaped element 4d is 
detachable by breaking a connection along a groove or a line of weakening 7 
which has been provided in the plate-shaped material 4d. With this, 

* * ■ 

20 manufacturing and furnishing the system is simplified. At the location of the 
wall the opening of which is to be sealed off with the aid of the system, the 
elements can be taken from the plate-shaped element. The elements can be 
made to fit in situ, for instance with the aid of a knife or a pair of scissors. 

The elements 4d are substantially of tube or beam-shape design and 

25 can be placed between the various transporting devices 3 in the opening 2 of 
the wall 1. In such a manner, transporting devices 3 can be embedded in an 
arrangement of elements 4c and 4d as is represented in Figure 3. In this 
phase, it is advisable to use the hoisting band 6 for moving a number of 
transporting devices fed through the opening 2 upwards, below which a further 

30 plate-shaped element 4c is still to be placed horizontally. 
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Figure 4 shows a fourth phase of a use of a system according to the 
invention. In this case, a large number of transporting devices 3 has already 
been embedded in an arrangement of elements 4c and 4d. Preferably, the 
system is also provided with a greasing means or a lubricant 8, for instance 
5 petrolatum, which can be applied to a surface 9 of each of the elements 4a, 4b, 
4c, 4d. 

Due to the lubricant, it is ensured that each element 4a, 4b, 4c, 4d to 
be placed in the opening can be easily positioned in the opening. 

The stacking of plate-shaped elements 4c present above the 
10 transporting devices 3 can optionally be pressed-on, for instance with the aid of 
a press-on element such as a lath. An element 4c to be placed last in the 
opening is, once more, preferably designed such and/or preferably has 
dimensions such that it can be included in the opening, each time in a 
clamping manner, between the other elements, through contact with an inner 
15 wall of the opening 2, or through contact with the transporting devices. In 
particular when inserting this last, sealing element, the use of a lubricant is 
, desired. As a rule, insertion of the last element is easiest by reducing the 
element, for instance by oUviding it in two or three parts, by lubricating these 

• parts with the lubricant or covering them otherwise, and to then insert these 
20 parts into the remaining opening. 

» ■ 

Preferably, the elements have been designed such and/or are 
preferably dimensioned such that the system can be fitted virtually fittingly in 
the opening 2 within a volume bounded by a first outer surface la of the wall 1 

• and a second outer surface lb of the wall 1 located opposite the first surface la. 
25 To this end, the dimensions of the elements, designed so as to be stackable, can 

be suitably chosen. However, it is also possible that the elements are, for 
mstance, designed to be wound or rolled around the transporting device. In 
this case, an element can for instance be designed as a thin, elongated strip. 

No additional auxiliary means need be present for fixing the 
30 elements in the opening. Providing the system in the opening can be done 



WO 2004/096369 



13 



PCT/N L2004/000280 



rapidly and efficiently. Further, no casing of the system provided in the 
opening is required. This saves costs. Further, as indicated, the system needs 
not occupy additional space in addition to the space which in any way is 
already taken up by the wall. 
5 Figure 5 shows a fifth phase of a use of a system according to the 

invention. The system is designed such that after fixing the system into the 
opening, parts of the opening 2 which are free from the transporting device 3 
are sealed off by the system. This offers the advantage that no further puttying 
of the opening with a flame extinguishing and/or liquid resistant agent is 
10 required. As a rule, for that matter, when the system according to the 

invention is not to allow any moisture such as water through, the use of a 
putty will be advisable. The system is designed such that after being fixed in 
the opening, the system is ready for use. With this too, the costs fcjr providing 
the system are kept low. I 

15 A great advantage of the system according to the invention is that 

the system can be used completely independently of the thickness bf the wall 

■»■*-•• * 
while, furthermore, the mimmum wall thickness required for resisting fire is 

to be observed. For instance, the standard for keeping a wall fire resistant for 2 
hours is a thickness of 15 cm; and for keeping a wall fire resistant for 1 hour a 
20 thickness of 10 cm. - 

The system as represented in Figures 1 - 5 is designed such that the 
system can be fixed virtually fittingly in the opening within a volume bounded 
by a first outer surface la of the wall 1 and a second outer surface lb, of the 
wall 1 located opposite the first outer surface. However, the system can also be 

25 designed such that the system is in fine with the first outer surface la, the 
second outer surface lb or both outer surfaces la, lb. It is also possible that 
the system is provided with a casing which, in use, is provided in or around the 
opening 2 as a frame. In that case, after having been placed in the opening, the 
system preferably projects slightly relative to the first outer surface la, the 

30 second outer surface lb or both. Optionally, between the casing and the 
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system, a gasket can be included. However, a casing is not necessary, as long 
as encapsulation of the foam is guaranteed. If use is made of a casing, then 
this casing can comprise a much lighter construction than the casing used in 
known systems. A casing can be helpful when sealing off the opening to flue 

5 gases. 

Further, Figure 6 shows a detailed representation of a use of a 
system according to the invention after exposure to high temperatures. The 
side which is shown in Figure 6 is the side directly exposed to the high 
temperatures. The crust 9 formed due to the high temperature with the aid of 

10 the system seals the opening off at the high temperature side of the wall. In 
this case, the transporting device comprises a hollow beam through which 
pipe, cables or ducts are fed. Preferably, the cavities of such feed-throughs are, 
furthermore, also filled with the foam according to the invention. 

Further, Figure 7 shows a first phase of an alternative use of the 

15 system according to the invention. In this case, the system is provided between 

and/or around the transporting devices by placing the elements 4 between 

• • ■ >*>,.. • 

and/or around the transporting devices 3. 

Figure 8 shows a second phase of the alternative use shown in 
Figure 7. In this case, the system is provided around the transporting devices 

20 such that the elements, in use, at least through mutual contact, contact with 
the inner wall of the opening or through contact with transporting devices, can 
be fixed in the opening in a self-clamping manner. The transporting devices 
shown in Figure 8 with the system provided therearound can be included in an 
opening by sliding through an opening in the direction of arrow P. However, it 

25 is also possible that a wall is built around the system shown in Figure 8. 

Although, in particular, plate-shaped and strip-shaped elements are shown, no 
shape is precluded. Elements with a special profile, such as for instance O- 
shaped, U-shaped or cross-shaped profiles, are also understood to each fall 
within the framework of the invention. 
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Without wishing to be bound to any theory, Figure 9 shows an 
illustration of a possible action of a material according to the invention when 
exposed to fire in a space also bound by outer surface 16, a cross-section of a 
wall 1 with an opening 2 in which at least one element manufactured from a 
5 material according to the invention is provided. For the sake of clarity, the 
transporting device is not shown. 

A part 21 of the material present at the side the fire is present will 
first slightly expand and then be transformed into a crust 21. This crust forms 
a shield against the effect of the fire. In many cases, the crust 21 will seal off 
10 the rem ainin g amount of material in the opening 2 from the fire. 

It is possible that in a zone 22 the material according to the 
invention in a fine, granular substance comprises graphite which is held 
together by plasticized polymer. This zone 22 can form a second barrier to the 
fire, optionally while maintaining some thermal insulation. In a zone 23, cells 
15 exposed to high temperatures can optionally still break open. However, the 
parts of the material located further away from the outer surface lb will 
maintain the closed cell structure and contribute to the insulating character of 
the material in the opening. The zone 23 forms, as it were, a retarding barrier 

A P art 2 4 of the. material in the opening 2 forms a zone 24 in which 
20 the closed cells can expand without breaking. In this zone, the material in the 
opening expands so that any cracks and the like that may be present are 
pressed closed. The zone 24 forms a so-called sealing barrier. Due to volume 
increase of the closed cells, a part 25 of the material in the opening will expand 
in the direction of the outer surface la which is not exposed to the fire and the 
25 high temperatures caused thereby. In this manner, this sealing is lengthened 
in a direction in which the temperature decreases. As a result, the material 
offers a long-term protection against the effect of fire and/or extreme heat. A 
part 26 of the material in the opening expands beyond the opening. A part 27 
of the material on the surface of the part 26 will have a relatively low 
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temperature, thereby expanding little and remaining intact thermally and 
mechanically. 

Figure 10 shows a situation in which use is made of a casing 20 on 
the side exposed to the fire. The behaviour of the parts of the material with a 

reference numeral 2x (x = 1, 2, 7) substantially corresponds to the 

behaviour of the parts having a corresponding reference numeral in Figure 9. 

A system according to the invention can also serve as a temporary 
sealing of a feed-through in a wall when building a construction comprising 
such walls, such as, for instance, a ship, a drilling platform or a chemical 
plant. During construction of such structures, due to an unfortunate mishap, a 
fire can break out in a space bounded by at least one wall with a feed-through. 
For instance, during welding operations, sparks can end up on inflammable 
material and cause a fire. What is meant by such a feed-through is an opening 
as shown in the Figures described hereinabove. Preferably, a feed-through is 
temporarily sealed off during construction of the structure, also before 
transporting devices comprising for instance a pipe, cable or duct are fed 
through the feed-through, in order to prevent a fire, having broken out in a 
space, from spreading to an adjoining space via the feed-through. Such a feed- 
through can also be temporarily ^sealed off to prevent smoke from spreading in 
case of a fire. Preferably, "the sealing should be carried out such that, after the 
temporary sealing, at least parts of the system can be removed in a simple 
manner for the purpose of feeding the transporting device through the feed- 
through. Also, the arrangement is temporarily sealed off such that when a fire 
occurs adjacent the wall during the temporary sealing, the feed-through is 
sealed off at least virtually fire -tightly, and preferably also smoke-tightly. 

Figure 11 shows a first phase of such a use of a system according to 
the invention. Elements 4d, 4e, 4f are manufactured from a fire-resistant 
material which expands under the influence of temperature increase and are 
manufactured from the foam according to the invention, and are provided for 
the purpose of sealing-off a feed-through 28 in wall 29. As can be seen in 
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Figure 11, the feed-through 28 can be provided with inner walls 30 which are 
of circular design, at least partly. The plate-shaped element 4e is provided 
with lines of weakening 31 extending over one side of the plate-shaped element 
4e and running parallel to each other. Preferably, such lines of weakening 31 
5 comprise grooves extending from one side of the plate-shaped element through 
a thickness of the plate to a distance from the other side of the plate-shaped 
element. In that case, the plate-shaped element 4e can be rolled up in a 
direction at right angles to the direction of the lines of weakening 31. The 
grooves are then located on an outside of the plate-shaped element when this 
10 is in rolled up condition. An example of a plate-shaped element 4e rolled up 
accordingly is the element 4f as shown in Figure 11. The plate-shaped or 
beam-shaped elements 4 can be introduced into the feed-through on positions 
where rectangular elements simply link up with the inner wall 30 of the feed- 
through 28. For the purpose of a fitting link-up with the inner wall 30, rolled 

) 13 ^5 lit ^i.^ can be provided on positions where the inner 

_• 

1 wall 30 of the feed-through 28 has a rounded form. A preferred placing of the 
( elements 4 and 4f can be seen in Figure 12. For the purpose placing in a simple 
: manner and also, when necessary, removing elements 4f, 4e, 4d in a simple 
manner, a few surfaces of such elements can be provided with a lubricant 32 
20 ; optionally based on silicones and which can be applied, for instance, with the 

\* 

' aid of the spray. It is recommended to provide such a lubricant only on parts of 
plate-shaped element 4e which, in rolled up condition, form and outer casing of 
' the plate shaped element 4f, so that the mechanical stability of the plate- 
» shaped element 4f in the rolled up condition remains intact through friction of 

25 parts on which no lubricant has been provided. It will be clear that the plate- 
shaped element 4e which is provided with grooves can also be used other than 
rolled up. Moreover, also strips 4g can be torn from such an element for use on 
positions in the feed-through where, after a plurality of the elements has been 
placed, further filling of the feed-through is only possible with one or a few 

30 strips 4g. Also, strips 4g can be taken from the element 4e to have the element 
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4e fit better. Naturally, the strips 4g can also be stacked as can be seen at 
reference numeral 32. 

In Figure 13 it is shown how, with the aid of the elements 4e, 4f, 4g 
and 4d, the feed-through 28 can be filled up for the purpose of a temporary 
5 sealing. 

In Figure 14, it is shown how, in the passage 28 sealed with the 
elements, a recess 33 can be formed by removing at least one plate-shaped or 
beam-shaped element 4d. The plate-shaped and/or beam-shaped elements 4 
located above the recess are clamped in by the other elements in the feed- 

10 through 28 such that no sagging occurs and, when removing the elements 4d, 
the recess 33 remains intact. 

Figure 15 shows how through such a recess 33, for instance, cables 
35 can be guided for the purpose of obtaining a feed-through through which a 
transporting device has been guided while the feed-through is sealed off such 

15 that with a fire taking place adjacent the wall, the feed-through is sealed off at 
least in a fire-tight, and preferably also smoke-tight manner. An advantage of 

■" ■ - i 

such a use of the system according to the invention is that, directly after 
formation of the feed-through, the feed-through can be sealed off. Optionally, 
this can even happen before a wall is placed in a construction. 

20 Ifc will be clear that a plate-shaped element 4e is to be designed so as 

to be deformable and that this can be done, for instance, by providing the 
element with grooves 31. These can be provided on both sides of the element, 
fie opposite each other and, optionally, be rounded. 

Presently, the invention is further elucidated with reference to the 

25 following, non-limitative example. As is the case in other parts of the 

description, percentages are percentages by weight calculated on the weight of 
the final foam product. 
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Example 1 

In a known manner, a foam was prepared from the following 
composition: 

Levapren 450* (an EVA polymer ex Bayer, Germany) 52% 
Mediaplast EV/F (ex Mediaplast, France, dispersant) 3% 
Zinc stearate 



So 

2% 



Apyral 2^ (aluminum hydroxide) or HNN336 by Huber 25% 
Antiblaze MC (ammonium polyphosphate) or Melapur 200 4% 
pH neutralized Carbofoil L 120 14% 
10 *customary amount of blowing agent and cross Unking agent included 

The blowing agent is OBSH-75® and the cross-linking agent is 
Dicumylperoxide (DCP), and are used in 4 parts and 2.5 parts, respectively, at 
a temperature of approximately 170°C for a duration of time of 6 - 10 minutes. 
15 The foam obtained had a density according to ISO 2781 of 

0.35 - 0.40 g/cm3; a compression set (72 hours at 23 °C, relaxation time 24 
hours; based on ISO 815 of 14%; a thermal insulation (K-)value according to 
NEN-EN 12667 of 12 mk/W (10°C); a LOI (limited oxygen index; ISO 4589-2) 
of 28%; an inflammation temperature index according to ISO 4589-3 of 202°C- 

• * - • - - 

20 * an indicative toxicity index according to NES 713 of 2.89; and a smoke index " 
according to NES 711 of 137. 

Example 2 

In a concrete wall of 1.6 x 1.6 x 0.15 m, forming the wall of an oven, 
25 an opening was made of 45 x 35 cm. In this opening, a construction as shown 
in Fig. 8 was provided. Foam plates (30 x 25 x 2.5 cm) of the material as 
described in Example 1 were provided around the cables and pipes. On one 
side, the oven side, the foam material was heated by fire for 90 minutes to a 
maximum temperature of approximately 950°C (after two minutes, the 
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temperature was already 570°C, after 20 minutes 775°C and from 45 minutes 
onwards the temperature was over 900°C). 

What was found was that after 90 minutes, the other side of the 
foam structure (removed 25 cm from the fire side) had not become hotter than 
5 90°C. 
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Claims 



1- A fire-resistant material based on an elastomeric foam with a 

substantially closed cell structure in which foam at least one crust-forming 
fire-retardant material and a pH neutralized graphite material are 
incorporated. 

5 2. A material according to claim 1, wherein the flame extinguishing 

material has been selected from poly ammonium phosphate and melamine 
phosphate. 

3. A material according to claim 1 or 2, wherein the graphite material 

expands at a temperature higher than 200°C. 
10 4. A material according to any one of the preceding claims in the form 

of a plate-shaped or beam-shaped element. 

5. A system for sealing off, at least during a fire taking place adjacent a 

wall, in a virtually entirely flame-tight manner and preferably also smoke- 
tight manner, an opening extending through this wall, through which a 
15 transporting device comprising for instance a cable, duct or pipe has been fed, 
the system being provided with elements manufactured from a fire-resistant 

■ _ • * 

material which expands under the influence of temperature increase, 
characterized in that the elements are manufactured from the foam according 
to any one of the preceding claims. 

20 6 A system which can serve as an at least temporary sealing of a feed- 

through in a wall such that, after the temporary sealing, at least parts of the 
system can be removed in a simple manner for the purpose of feeding a 
transporting device such as a cable, duct or tube through the feed- through, 
such that during a fire taking place adjacent the wall during the temporary 

25 sealing, the feed-through is sealed off at least virtually entirely fire-tightly and 
preferably also smoke-tightly, the system being provided with elements 
manufactured from a fire-resistant material which expands under the 
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influence of temperature increase while the elements are manufactured from 
the foam according to any one of claims 1-4. 

7. A system according to claim 5 or 6, wherein the system is designed 
such that the elements can be fixed in a self-clamping manner in the opening 

contact with an inner wall of the 
opening or contact with the transporting device. 

8. A system according to any one of claims 5-7, characterized in that 
the system can be fixed virtually fittingly within a volume which is bounded by 
a first outer surface of the wall and a second outer surface of the wall located 

10 opposite the first outer surface. 

9. A system according to anyone of claims 5-8, characterized in that 
the system is designed such that after the system has been fixed in the 
opening, parts of the opening which are free from the transporting device are 
sealed off by the system. 

15 10. A system according to any one of claims 5-9, characterized in that 

'the system is designed such that after fixation in the opening, the system is 
ready for use. 

•11. A system according to any one of claims 5-10, characterized in that 

sat least one of the elements is part of a piate-shaped material, which is 

* 

20 (provided with a line of weakening, the at least one element being detachable 
by breaking along the line of weakening in the plate-shaped material. 
12. A system according to any one of claims 5-11, characterized in that at 
[least one of the elements is of tube-shaped design. 

• 1 3. A system according to any one of claims 5 -12, characterized in that 

25 at least one of the elements is of plate-shaped design. 

14. A system according to any one of the preceding claims, characterized 
in that the system is further provided with a lubricant which can be applied to 
a surface of each of the elements. 

15. A wall with an opening extending through that wall, through which 
at least one transporting device such as a cable, duct or pipe has been fed, 
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characterized in that the opening is provided with a system according to any 
one of claims 6—15. 

16. A wall with a feed-through, characterized in that the feed-through is 
at least temporarily sealed off with a system according to any one of claims 

5 5-14. 

17. A method for sealing off an opening extending through a wall 
through which opening at least one transporting device such as a cable, duct or 
pipe has been fed, characterized in that the method comprises: providing in the 
opening a system according to any one of claims 5 - 14. 

10 18 - A method for at least temporarily sealing off a feed-through in a wall 

such that, after the temporary sealing, at least parts of the sealing can be 
removed in a simple manner for the purpose of feeding a transporting device 
comprising, for instance, a cable, duct or pipe through the opening, and such 
that during a fire taking place adjacent the wall during the temporary sealing, 

15 the feed-through is sealed off at least virtually entirely fire-tightly and 

preferably also smoke-tightly, the method comprising: providing' in the opening 

* * ■ ■ 

a system according to any one of claims 5 -14. 
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